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MOOROWIPORA CHAMBERENSIS, A CORAL FROM THE EARLY CAMBRIAN 
MOOROWIE FORMATION, FLINDERS RANGES, SOUTH AUSTRALIA 

by Margaret K. Fuller* & Richard J. F. Jenkins* 

Summary 

Fullkr, M. K. & Jenkins, R. J. F. (1994) Moorowipom chaniherensis, a coral iVoni the Early Cambrian 
Moorowie Formation, Flinders Ranges, South Australia. Trans. R. Soc S. Aim. 118(4), 227-235, 30 November, 1994. 

Moorowipora chaniberensis gen. el sp. nov. , an Early Cambrian coral with a morphology close to tabulates, 
occurs in the Moorowie Formation of the ea.stern Flinders Ranges. The oldest accepted tabulate eoral Lichenaria 
Winchell & Schuchert first appeared in the Early Ordovician. However, it is possible ihdi Mooronipora chambercnsis 
is an early repre.sentalive of the tabulates, extending their time range down to the Lower Cambrian. The tabulate- 
like characteristics of Moorowipora chaniberensis include the form of the corallum, which varies between cerioid 
and fasciculate, the wedge-shaped to spine-like septa and generally complete, well-formed, convex-upward or 
undulating horizontal tahulac. Moorowipora chambercnsis some skeletal structures in common with the Early 
Cambrian species Flindersipora bowmani Lafustc, and Tabuhiconus kordae Handfield, but is unlike any other 
previously described Cambrian coralomorph. 

Key Words: Moorowipora chambercnsis, Early Cambrian, Moorowie Formation, tabulate coral. Flinders 
Ranges, South Australia. 



Introduction 

The Early Cambrian coral Moorowipora 
chamberensis gen. et sp. nov., is found in slumped 
reefal blocks within a megabreccia forming part of the 
Moorowie Formation in the eastern Flinders Ranges 
of South Australia. Moorowipora chamberensis occurs 
with Flindersipora bowmani Lafuste 1991, and at least 
three other previously underscribed corals at a site 
close to the disused Moorowie Mine (Fig. 1). 

Most of the several known Cambrian coralomorph s 
have been regarded as doubtful early reprcsenUitives 
of tabulate corals. They show unusual aspects in their 
morphology: a significant gap in time (-20 my) 
occurs between the Early Cambrian and the oldest 
accepted Early Ordovician tabulate coral, Lichenaria 
Winchell Schuchert 1895 (Scrutton 1979; 1984; 
1992). Moorowipora chamberensis has structural 
charactcri.stics suggesting its affinity with the tabulates, 
and is possibly an early representative of this group. 

Stratigraphy and associations 

The Moorowie Formation and its lateral equivalents, 
the Wilkawillina Limestone, Mernmerna Formation 
[= Parara Limestone, Dalgamo &. Johnson (1962) | and 
Oraparinna Shale, form part of the Early Cambrian 
Hawker Group (Dalgarno 1964). These units arc 
mainly limestones, calcareous shales and mudstones, 
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and siltstones, with minimal siliciclastic arenites, and 
variously reflect shallow marine, reefal, shelf-margin, 
slope and basinal environments of deposition. 

The corals occur within reefal boundstones that have 
tumbled as large talus blocks to form a megabreccia, 
which comprises the middle part of the Moorowie 
Formation (Mount 1970*; Hart 1989'; Lafuste ei al. 
1991; Savarese et al, 1993). This stratigraphic level 
represents part of a suggested third transgressive/ 
highsland phase of the Early Cambrian (Gravestoek 
& Hibburt 1991). 

The talus blocks of the Moorowie Formation, 
analagous to those in contemporaneous reefs, comprise 
Type 5 shelf margin build-ups (James & Gravestoek 
1990). The reefal system was established in a high 
energy marine environment encroaching on a marginal 
fan (Savarese et al 1993). The fan comprises coarse 
breccia and is suggested to have formed as a result of 
local diapiric activity. However, we have not observed 
any reef structures in their original placement. 

Coral colonies, together with archaeocyaths and the 
cal ci microbes Renalcis Vologdin 1932, Ginanella 
Nicholson & Etheridge 1878 and Epiphyton Borneman 
1886 occur in transported reefal blocks, which vary 
from cobble size to about 10 m in maximum 
dimension. Within individual blocks, the organisms 
are commonly preserved in life position. The dominant 
faunal elements vary markedly between blocks, from 
archaeocyaths, to stromatolites and more rarely corals. 
These differences probably reflect mass collapse of 
different parts of a zoned reef complex of reasonably 
wide areal extent (the distinctive biofacics represented 
surely formed in areas some hundreds of metres broad 
implying that the main reef front had a fringing 
geometry). The rapid slumping of the talus into 
deeper water (presumably the fore-reeO probably 
protected the carbonate frameworks from vadose 
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diagciifMs. lesuliing m die* aniiarkaMy priMine 
prtisifrvation off he fauna. The eurals eomnionly fonn 
fiierusiing lo uprigiK, Lull eolonies. the Inner up lu 
O0-70 cm high. Individual colonics lend lo he widely 
spaced 

Fimdcr\iptmi htrnmVH has been found m bioherrns 
III the lower (.irapunnn.i Shale at Ten Mile Creek (hig. 
I), as well as near the Moorowie Mine (Lafuste cl al. 

Al Ten Mile Creek, irilobiie and cehinoderm 
tiagmenlH fotm hash bed.s in Ihe Ompariniia Shale, and 
ass»>oiuted aichafv»cyalhs have been correlated wilh 
b’aunal Assemblage d (Daily 1956). which equates with 
the Fittaraia janaw Xonc of Jell (1990; Lafuste til. 
1991). riiis siraligraphrc correlation ipilicales dial the 
Moorowhe Formation Is Boluinian in age 

rrescrvaUmi 



Although complete recryslalli/ation of (he colonies 
has occurred, an indication ul the primary micro 




Fiu I. LociiiiiMi map showing «iccurrcncc pear the 

MtMMowic Mine and ilic distrihulion ol harly and Middle 
Camhnan oukrops in I he l•lilldels Ranges of S*miiIi 
A uvimlia. 



structure ol Ihc skeleton can be seen in sonic paicliy 
domains. Fdges of the possible primary hiocrystnl 
platelets arc disiinguished by cionatc lo wavy lines ot 
minute inclusions within the much coarser crystals 
ci»mprising Ihc rccryslallised fabric. Narrow, lath- like 
/ones showing irregular e.Hlinciion under polari.sed light 
occur at some places approximately transverse lo 
.skeletal elements wdiere .secondary carbonate crystals 
peneirutc the coral skeleton. This suggests a residual 
overprinl of the original mineralogy disturbing the 
optical continuity of ihc subsequent rccrystallisiMion 
Apart from recry.sralliscd spar, cavities summnilmg 
corallitcs and within the caliccs may be Ulled with very 
line sand or silt. It appears that during life, part or 
whole colonies may have been temporarily covcrcxl 
with a titin layer of sediment causing the death ol some 
/ooids The survivors rejuvenated new parts ot the 
corallum. Some colonies seem lo have been eroded 
by rapid, energetic inlluxes ol coarse sand (also noted 
on calcimicr\)hc encrustations and archacocyaihs), 
allowing only a lew corallitcs to oontinue their gmwih. 
rracturcs post -dale growth and a a" often filled v\dlh 
very fine sediment (Figs 2 and 30. 




Fig. 2 hilcrpreiive sketch i loiiciiutiinaJ scciion) nriiokiiypv 
S.AM P.^4165 illiwiraiing cone in Ian shaped colony: ik- 
rnnii orindivuUial conillilcs. prtmvcorallilc (a); tabulae (hr 
septa (c); calice (tl): lateral increase (tnp centre mihI righi) 
and peripheral iriira(jjlicul,'ir increase (\ 2). 



Fig. J. Longitudinal scclioiiN ol holoiypc* .SAM P3416.S; iHuHlrafing parts ol the colony Fig. 2). A B Top of ih»* 
colony wnh walls extending utMive the ci»rall»im, methods of increase and atralliie sirucuifc: C - base of cohmy (x 4); 
.iitti n Higbcr magnincylion ol (D) showing normal and thiek'ened tabulae (lower leli); anil oblkiiic prekiedions ol the 
Ollier wall (ccnlrv. right ) (x L^). ■» 
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Fig. 4. Transverse sections ami iiiTerprciivc sketches nrhi»Ioiype .SAM P34I65: (A Sl B) cerioicJ (x 10) and (C Sl D) Casciculate 
(X 10.5) areas of ilie corallum. Diflerenccs can he seen in corallitt* shape, septa, and new walls across coralliies rornied 
during oflset Ibrmation. Rcjuvcnaiion of coral I ite.s (C X. I>) is evident top right and bottom centre. 




A CAMBRIAN CORAL FROM l Un TLINDLKS RANOhS 



The lemi 'plaielef (Lafiistc ci al. 1^91). is UmsI io 
describe relic microsirucuiral elements ot the NkclcU>ii. 

Systematic palueoiitolo^^y 

Phylum: CNIDARIA 
C lass: AM HOZOA 
Subclass: rTABOLATA 
Faiiuly; uncertain 
( lentis: Moorowipora gui. nov. 

I Vpc species: Moowwiponi ihumhemisis sp nov 

Ei\w^hfiv: For the type locality near the M norow ie 
Mine in the eastern Flinders Ranges, of South Australia. 

Dias'ftosis. Corallum small» varying (rum massive 
ccriojd to fasciculate, cornprising polygonal, oval or 
rounded corallites. Cora! 1 lies arc long, luberoid to 
irregularly cylindrical. Walls are thin, uavy to crcnalc. 
rarely straight. Tabulae are irregularly spaced, mostly 
coniplclc, concave upwards to undulating horizonUil. 
Septa absent, or number up to 20 in each coiallitc. 
wiiere pre.sent, septa are randomly spaced. >.hort and 
form wedge to spine-like proicaions rnln curalliles, 
arising froni inward angulations of the svall Pores 
apjicar to be abseiil. 

Moorowipora chamberensis sp. nov, 

FIGS 2-7 

For nearby Ml. Chambers. 

()Uii^mK\ls: As fur genus. 

T\pc spetimens: The specimens described in this paper 
arc held al the Soiilh Australian Museum (wSAM). 
Ilolotypc S.AM P34I05, four thin sections, SAM 
P34I65-1; SAM P34lb5-2; Paratypes SAM 34J66-1: 
SAM P.34166-2. 

Material: The holoiype, paralypes as well a.s scverul 
other colonies come from one rcxrk sample measuring 
270 mm long, 2.30 mm wide and 120 mm ih.ck: taken 
from a large boulder within the Moorow^ie Forinaliou. 
near the Mix>ri>wic Mine in the eastern 1‘lmdcis 
Ranges. 

Descripiifm: In tran.sversc section (Figs 4. coiullitcs 
show gradation into two distinct habiLs, massive ccrioid 
and lascicuUiie dendahd. In lasciculale habit, coral) iies 
rarely touch, are circular to .slightly ovnl in shape and 
vary in diameter fnmi 0.95 to 3.75 mm. Corallitcs with 
massive habit are rather irregularly shaped 5 or 6 sided 
polygons, sometimes oval or rectangular, rarely 
ciioului” Ihcy v,iry individually m diameter from 077 
to 3.5 mm. 
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Walls ;irc thin, varying between (t.l mm and 0.15 mm 
in thickness and show a relic fibrous structure tFigs 
4-6). 

,A midi me is apparent belween many adjoining 
corallitcs. Walls are wavy to slightly crenatc. being 
rounded m isolation or adjacent lo .small spaces in the 
corallum, with a lendencv to become .straighter aiul 
less distinct where they merge with the w'alls of 
adjoining coraliileS. 

In longitudinal section <Figs 2. 3). each colony i> 
generally small, numbering from 2 or 3 to about 16 
corallitcs^ Colonies are either cone- lo tan -shaped, 
diverging outward from a single protocorallirc. or more 
rectangulai. where Ihey appear to ari.se from several 
adjacent corallitcs. Increase is both lateral ami 
peripheroJ intracalicular, producing I. 2 or mote offsets 
(Figs 2., 3 A). 

Individual corallitcs are tuberoid to irregularly 
cylindrical In shape and vary greatly in width and 
length l ap to 19.5 mm), prior to increase (tbrrnulioil 
of a new coralliic) The base is rounded and blunt, the 
prolocmallitc producing 3 or 4 short septa prior to ihc 
formation of an initial tabula, The calico is prominent 
e.Mendmg betw'ccn 2.5 ami 4.75 mm past the last tabula 
tFigs 3B- -3D). 

Tabulae are mostly conipleic, mainly convex-upwaal 
or undukuing hori/ontal, often down- turned w here thev 
meet the: wall <Figs 2, 3). They are irregularly spaced, 
hut commonly occur at the same level in adjacem 
cxvralliics. The di.Mance between them is highly variable 
(0. 35 to 2.1 mm), while the thicknes.s of tabulae varies 
I Aim 0.002 nrm h> O.Dl mm. 

.Sepui number up to 20 in lasciculale corallitcs: arc 
very short (0.01-0,2 mm), generally equal in length, 
triangular to wedge-shaped, often indislinci. They form 
protrusions of the wall of the coralliie at sites of inw ard 
creasing (Figs 4, 5) In massive, cerioid corallitcs in 
the main hixiy of the cot allum, there may be up to 10 
.septa, or septa may be absent Septa are randomly 
spaced; long and shnn sepia may alternate, or only 
Jong or short septa may be present. Sepia arc w^edge 
to spine- 1 ike in shape. Sepia are generally longer than 
in the fasciculate corallitcs. In longitudinal section septa 
are cibserved as continuous vertical laminar plalc^ 
micfsccting ntirmally with tabulae. 

Mirnvitmciure: fhe miscmstructure was studied al 
magnifications up to x 200, and photographs wca* 
taken under polarised light. 

In iransverse section al low magnilicaiion (Figs 4. 
5) relic Hbn>us elements which form the sclerenchynie 
and apparently rcprcscnl indications of original 
bii.>cry.slals appear as coniinuous lincae across the wall 
and into the septa, Al higher magnification (Fig. 6) 
the iiucrlocking Hbrous elements form triangular u? 
rectangular bundles, composed of nam^w parallcl-sidt.sl 
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iind hluilo-likc goniculalc' struclurcs up It) 164 ^<in loiijj 
and 37 fill] vN ulc , rhosc* arc angled towards and away 
IVom die cemre of each corallum. The hundlcs have 
the appearance »)f crossing, t)i being stacked over 
underlying layers. Near die inidline ot walls the fibres 
are orten less oblique and have a slighdy different 
oricntatioiv uppearing to be broader and mure 
rant Ion ily oriented. 

In longitudinal section al magnifications of X |()0 
to 2(Mj, the midplanc ol the wall seems lo have been 
lomposed t)f irregularly shaped, crenale^ inloritvcking 
(ilauilels which individually lepresenl Ihe bbious lineae 
of transverse cuts. Platdcls may be aluiosi rectangular, 
vertieal lo slightly inclined oceasioiially alniosl 
hori/onlal in the middle of the wall. They commonly 
occur diverging outward towards ihc lop of corallites 
tfig. ?). Wall plalelels are nuirc elongate and wider 
than the fibre bundk's seen rn Iran.sversc sectioru being 
up t«» )0n ^iiTi in lengih and 13S /on in width. 

Tabulae are rominuoiis with the inner edge ol' the 
Waif which converges slight! v annind them. The 
siriitMiirc v>f the tabulae is similar to the .sepia and wall 



jn tran.svcrse section, with bundles of fibres being 
mainly triangular, or irregularly shaped. Triangular 
bundles of fibres are up to 360 gni in length, and 
308 gm in width. Jn tabulae of n<»mial thickness, 
adjoining triangular bundles inleiiock forming a crenatc 



I ig 0. Tran.svcrse section and inicrpreiivc sketch nl hirloiyiic 
SAM P34I65: illu.strating irungular and irelangular huniiles 
of fihrc.s extending aentss (he walls ol Ihc corallirc x si 
and y->l define boundaries ol’ illiirariuion. m is inidline 
of ific Wall 44). 



t'lu y lrtinsver.se sc4.'tioii ol holmypeSAM P34lr>5; purl oj 
owalUim showing bolh ec-noicl and ra.seicnlute areas i\ \3i 
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upper and lower surface. A more eoinplicaicd 
inlerloekinj! panern is tnrmcd in thickened tabulae. 

Rt'fnurks: i fuOfihtrensis is dimorphic in 

both the morphology ot ihc colony and the method ol' 
increase. Dimorphism often occurs m labuialc."^ and 
may be shown as differences in coral! ite si/e, shape 
and internal siniciurcs (Oliver 1%8. 1975). Many 
irilra.spccillc variations arc probably environmcmally 
contn^lled,. being intlucnced by factors mckiding the 
adjacem sediment, and the position ol corallitcs within 
II i’olony (Oliver l‘>68) I'he two diffcrenl 
morphological Ibrins observed in M. dtambemisi.s 
probably reflect the mode ot iticivasc. which also 
appears to he dimorphic, being irlatcd to the position 
of individual corallitc.s within I he corallum. Corallilcs 
within ilie fasciculate area, which generally occurs at 
the ouicj edges* of the colony, appear to have resulted 
from lateral increase. Ottsels brandi away fnmi the- 
main colony producing isolated corallitcs which rarely 
touch and arc therefore unnaffected by crowding (Figs 
2, 5) Such corallitcs are thus round to slightly oval 
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kig 7 LongiiuJinal section icartooii sketch I showing large 
ci^Malsof the lecryslailisJtmn tiibnc (;0 ineoi'poranng the 
wall ol coinpH^und corallifes. thi Relic bMu iy.sljil hhies 
diverge towards tlic coralUmT. 



in transverse section. Penpheraf miracalicular inaea.se 
is rno.sf common in the massive, cerioid pans, and 
where a stiliiary copallitc Ihis hetome esiahlishcd (Figs 
2. 3). I'sually one, two or more offset'' ate produccil 
at Ihe .same lime, with new walls grownng from sites 
of septal insertioti achrss the cal ice Both mcttuKls of 
increase commonly »x,cur a( diflerent stages of growth 
within the same eorallile. and are probably lelaicd to 
the amount of space surrounding it. 

Hie variable disnuice between tabulae and llu* 
presence <tr absence of septa do not appeal to be linked 
to any particular stage of giowrh a characlcrislic which 
hus been suggested as possibly occurring ui some 
♦nbutates (Hill RKl). Sepia primarily occur in the 
proti>corallitc and immature corallitcs.. while at other 
stages of growth they may or nuy not bo pre.senl 



Discussioti and (.diiclusimi 

When cmnpared with i>lher Cambrian comU 
suggested to have labulalc affiiiilie.s (.Scnillon P^7‘t), 
Mf iornu ipinu chumherensh ts closest m il< 
inorphohigy to Ihhulaa^ntLs kon/tw Haailficld I'^bM. 
from the Early Cambrian iRotonnan) i>f cast central 
Alaska and Bnlish Columbia, fn vertical secijoii, M 
duifuln^rcnsi.s and T konkic differ in the shape *)| the 
corallilcs, which are more tubular in appeamnee in the 
forinor Height and wndlh viiry, w ith mriiurc coiallitev 
being up to IM..S mm long and ?.0 mm Wide m M 
{.hamherensis. while ctinillites of T. konine aa’ up to 
b5 mm long and 27 nim in width in the colonial Ibrm 
(Debronne e/ al. 19S7). ‘I'he tabulae also diffci. being 
undulating lK>ri/v»nial to coiKave upward in A/ 
i‘hamhemi,si,s and either hoi i/onlul or slightly cimcavv 
downwanl in 7. knntae. Incornplele tabulae arc nunc 
dissepiment like and walls aiv generally thicker in the 
latter (Hiindficld Idbb). The tnierosirueiurc of both 
corals i.^ signiricunlly ditlereill in transverse section, 
being geniculate fibres in A/. ( hamhcfrnMs. and 
conceninc light and dark wavy laminaiion.s in / 
kuViUw 'fabulae also differ, being formed from bundles 
of fibres extending upward arul downward from a 
medial line in the loririer. unlike the two layered light 
and dark /ones of f. ki^niav However, platelets 
I longitudinal section) in (he walls ol A/, 
arc of similar shape, hut generally larger .A/. 
chamhiraisis may belong in llie I'anniy 1'ahulaconidac. 
hut, the above differences, likely preclude it from this 
div ision. 

M, { hanihcf en^i:^ is dfsiingujshed inim Lipiffvira 
lis.sif and L Jasda .lei) Jell Id7b. fnmi tlu* Farlv 
Middle Cambrian of western New South Wale.s, l>y the 
presence tabulae and the shape and airangc'ment i^l 
septa, although the coralliies of L lisut are of similar 
lenglh and width. Cumbrninpu monlune*wi\ Frit/ 
Howell I955, fron^ (be Middle Cambrian of Briosli 
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Columbia, is diiitinguished hoin M f hamhtfen^is by 
the more* -slender comlliies and the absence ol tabulae 
and sepia. Most ol Ihc Early Cninbrian roraioniorplis 
described by Kordc (1%.\ 1984a. b. l98b. 1990), are 
partly synonyms of already described khasakliids i»j 
hydfOcOiH»zoans and partly nonvna ilubw or nuflri 
(/diuravlcv d tii 1993, p. 369). 

A'/, chamhavnsis also differs from FltnJftsipora 
hmwutni Lafiisio 1991, allhough there are some 
smiilaritics in microslruclure. M t haffiberemis Is 
cerioid b> faseiculale and lias wedge lo spine* shaped 
sepia up k> 0.2 rnm in lengih arising Ironi continuous 
walls mm duck In cimirasi E h/jumirii is 

nieaiidfoid lo ccMoid, and has 6-16 strt>ngly dexeloped, 
straight to slightly curval septa up U» 0.8 mm in length, 
with the edges of sepia bearing very sht>rt Muni spines. 
Walls form very short segments between the septa atui 
arc 0.13 0.25 mm in thickness (Lafusie d ni. 1991) 
III /*. bimruini tabulae arc mosily concave-<.linvnward. 
and closely spaced (0.2-0.3 mm>. bui arc undulating 
tion/<*nial to concave and more regularly .spaced in M 
t'hamhcrensis. The m».Kic of increase is by kingiludinal 
fissfoii in die tormcr W'hilc both lateral and iniacaJicular 
peripheral incrca.se occurs in the latter 

In transverse section, the microsiructure *>f boUi 
corals is similai, with walks consisting of geniculate 
fibres which diverge and converge in two directions. 
In vcmcal section platelets in M, chamhennsis are less 
elongate and broader when compared with E hifwnuim. 

It is considered that Ihc genus Lichi'nohu which 
has d time range tmm the basaJ to the early/late 
DrdiWician is the most ancient uibulaie coral. Us 
colonial lonn is ccrioid, it has a simple morphology 



and tabulae. I.s asepialc, and may have rare rniirdl pores 
{Bassler 1950: Flower 1961, McLeod 1979: Seruium 
1984. Laub 1984). M. Lfuimbemtsi^ has .siriiclurvil 
characleri.stics which demonstrate its affinity lo the 
labulute.s (including septa, which are not present in 
lichenarids) These are (I) the cerioid to fa.sciculaie 
form of ihe colony; (2) the spine -like to wedge-shapcil 
septa; (3) its mode of increase; (4) the generallv 
complete svdl-fonned tabulae. The obsetved relic 
micros! fuel ure appears to be >imilai lo the pinnately 
(clinogonally) (ibroiis structure of some tabulaie.s (sec 
Hill 1981. p. F452). including lichenarids, though ihe 
extent of the modifying influence of diagenesks i> 
nnccnain. 

A/, chmihi^fvnsis with its tabulate like characienMics 
may he either an early represeniativc of the tabulates, 
or belong lo a new group of corals wnth convergent 
evolution contributing to their similarities. These 
alternatives have lieen .suggested by Lafusie et ui. (199|) 
tor /’. howmanis whereas Scrutton (1992). regards the 
latter possibility as niosl likely. The ;uldition of A/. 
chamht'rensis to the group of known early 
coralomorphs, proviJc-S further ex idenee that tabulate 
corals may have their origin in the Fatly Cambrian. 
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